The Principality of Andorra is one of the smallest states in Europe. Traditionally its economy has been based on the agriculture and cattle ranch although in the last decades it has developed an important tourist activity that has become a collector of emigrants. The origin of marriage consorts has been analyzed in the six parishes that have traditionally constituted the Principality. In total, there have been 10,208 marriages covering a continuous period from 1606 to 1960. From this information, two migration matrices have been constructed, one general and one intra-population. The study of the first one shows the existence of a male migration to long distance, mainly from the nearby Catalan provinces. It also shows that the main parameter that regulates migration is geography and that it indirectly defines the language's performance and political boundaries as the genetic filters. For the study of the intrapopulation matrix, two methods have been used. On the one hand, a tree has been constructed and has been linked to Principal Component Analysis (PCA). Different matrices have also been tested by applying the Mantel test. The results indicate that there is no asymmetry in the mobility of men and women in an intra-population level, a result that is justified by the demographic and social structure of the small population centers of the Pyrenees. It is also shown that geography is the main governing factor travel within the Principality. And finally, we can observe the existence of a genetic substructure in the Andorran population marked again by geography.
on one hand, an increase of the genetic diversity of the receiver population, and on the other hand, it genetically homogenizes the emitting and receiver populations by means of genetic flow (Jobling, 2012) .
The migration, or genetic flow, is a complex phenomenon whose effects depend on numerous factors (Hartl & Clark, 2007) . Furthermore, in our species, it is related to cultural barriers (language, religion or political borders). In fact, the potential isolation of a human population is a combination of parameters with different nature: both geographical and cultural barriers have to be considered in our species (Sánchez-Mazas & Barbujani, 2013) .
Normally, the migratory movements imply medium and long distances displacements (Castles, 2003) , but there exists another type of movement (more difficult to detect) in a small-scale and that is frequent inside the populations.
These movements let us to determine the existence of internal subdivisions.
These subdivisions determine the genetic structure of a population, increase the rate of homozygosis (Wahlund, 1928) and influence the level of micro-differentiation of communities (Wright, 1951; Harpending & Jenkins, 1973; Nei, 1972 Nei, , 1973 . Another consequence of a population's subdivision is the increase of the differential amount of isolation, thus, increasing the likelihood of a local genetic adaptation (Slatkin, 1987; McCullough, 1989) . In addition, knowing the genetic structure of the populations is a basic parameter to reconstruct their biological history (Tishkoff et al., 2000) and to understand the distribution of some diseases (Ziv & Burchard, 2003; Reiner et al., 2005) .
However, addressing the intrapopulation movements in anthropology is not easy. Not even the molecular tools allow the detailed reconstruction of the movements produced inside a population and their biological consequences.
Nevertheless, the singularity of our species provides anthropological techniques that can be used to detect these movements. In particular, the habit that our ancestors have had to write down the vital events produced inside a population and that are conserved in religious and/or civil files. These files have to accomplish some properties: they have to be continuous in time and geography and they have to contain valuable information about the objectives of their exploitation.
The detailed study of these files provides information about the genetic structure of a population, and this information can be used in subsequent molecular studies to enhance their resolution. Therefore, geography is not the only factor influencing the structure of a population (migration and genetic relationship between two populations are smaller when the distance between them is bigger) (Barbujani & Sokal, 1990 and we have to take into account cultural factors.
The religious files of the Principality of Andorra achieve these qualities and amount of information expectations. Besides, this population has two singularities that are not very common in anthropological studies. First, it is a country, and this allows the detailed reconstruction of the demographical events that have taken place in the state. Second, the information can be used to determine the internal micro-mobility, but also, to value the effect of geographical, political or cultural barriers as biological filters.
In this work, we study, from demographic data, the origin of Andorran spouses in order to determine if political, geographical and cultural boundaries have acted as genetic filters. Additionally, we will study internal mobility patterns of Andorran spouses and their relation to the topography of the country.
Finally, from the matrimonial interchange patterns, we will determine if there are any subdivisions and if these are significant enough as to determine the existence of an internal genetic structure.
Materials and Methods
The Principality of Andorra. Andorra is one of the three smallest European countries and has an area of 648 km 2 . It is located on the southern slope of the Central Pyrenees (Figure 1) , and it is made up of three valleys surrounded by mountains of more than 3000 m altitude.
The History of the Principality of Andorra is atypical within the European context. The first references of the country's existence date back to the 9th Century. Originally the territory belonged to the Counts of Urgell (Catalonia, Spain) but, during the 10th and 11th Centuries, they ceded their rights to the Catholic Church which then adopted a feudal government system. Since those centuries and practically until a few years ago, the Principality has been governed by a system named "Co-Principality". The origin of such a system is not very clear. It consists of a shared government between the President of the Republic of France Figure 1 . Situation of the Principality of Andorra and its population centers. The underlined nuclei represent the municipal capitals. and the Bishop of Urgell, situated in the Catalan region of Lleida. This circumstance allowed this small state to maintain its independence from the annexation desires of the two neighbouring countries.
Its inhabitants have been devoted to agriculture and migrating cattle raisings.
Nowadays, however, most of its population is devoted to trade and tourism (Calvo et al., 1990) . Actually, the demographic history of Andorra continues to develop around the exploitation systems that the population has adopted throughout its history.
Demographically, Andorra maintained a stable population of around 5000 inhabitants up to the end of the 19th century. The introduction of new exploitation strategies-agriculture and livestock have been substituted by tourism and commerce (González-Martín, 2008 )-has resulted in an increase of the population due to vegetative growth as well as significant migrations (Adellach & Ganyet, 1977) . As such, in the official census of 1947 there were 5385 inhabitants, in 1990 there were 54,507 inhabitants, and in the last census of 2016, Andorra counted with 78,264 inhabitants (Departament d'Estadística, 2017) . Nevertheless, up to the middle of the 20th Century, the population maintained a demographic balance principally towards the nearby bordering Catalan territories (González-Martín and Toja, 1996) . This situation radically changes the adoption of the new economic strategies resulting, as a repercussion, in a growing demographic explosion.
It is convenient to state clearly that the country maintains a strong cultural homogeneity in spite of its geographical, demographical and economical varia- Methodology of work. We have two objectives. On one side, to determine the origins of the migrants that arrive at the Principality to know the parameters that have actuated as genetic filters. On the other hand, determining, through the models of interchange related by the marriage among nuclei of population, the existence of internal subdivisions. It does however, have a disadvantage: the model for matrimonial interchange varies over time as can be observed in Table   1 . Nevertheless, the objective of this work is not to make a temporary analysis of the changes that have been produced in these models, but to determine, notwithstanding the temporary swings in the matrimonial structure, an underlying general model in the genetic structure of the population. Also, it must be clarified that the essential premise of this work is to represent the major number of population nuclei in the country which, indirectly, represent the maximum of the geographic variation. From this perspective, the study of the temporary variations in the matrimonial interchange model is not viable because fragmenting the database implies that the size of the sample of each population will considerably decrease, above all, in the oldest time periods.
From this data, an origin matrix has been built (Bodmer & Cavalli-Sforza, 1968 ) grouping the origin of spouses into ten categories; six corresponding to the parishes in the Principality and four referring to the place of birth of foreign individuals (Table 2 ). This matrix quantifies the genetic flux produced within a population and among neighboring communities and reports on the distance of gametes union. Additionally, it allows us to determine if matrimonies unite, genetically, from geographically different areas (Coleman, 1977) .
On the other hand, the origin of individuals born and married in the Principality has been studied. In the study, all populations representing at least 1.25%
of the total of references of native Andorrans married in the same Principality are expressed (Table 3) . Small populations that did not meet this condition have been added to the nearest nuclei that met such condition: a matrix of 28 × 28 was obtained. Figure 1 represents the location of these populations. The distances covered between populations express the net of relations established by socioeconomic (Harrison et al., 1974; Susanne, 1983) , religious (Segalen & Jacquard, 1973) , cultural Kücheman et al., 1967) , administrative means and geographical activities.
In order to facilitate statistical applications, the internal mobility matrix has been modified. This correction consisted of independently taking into account spouses mobility from that of gender, that is, transforming a square matrix into a hemi-matrix expressing in every box the sum of matrimonies corresponding to ♂i − ♀j and ♂j − ♀i. This last grouping would be incorrect if male mobility patterns differ from female migration patterns, thus, their similarity must be proven previously. Therefore, the two hemi-matrixes from the initial square matrix were compared through Mantel's test (Mantel, 1967) : there is a positive and significant correlation between both (0.83; p = 0.0005), that is to say, male mobility structure displacing from one location to another in order to marry is the same as for women. There is a flux, although not necessarily with the same intensity, proportional and balanced according to gender for the interchange of spouses between different towns.
This matrix was again contrasted through Mantel's test with two geographical matrixes: the first one expresses the distance, in straight line and measured in kilometers, between population nuclei. The second one expresses in kilometers the distance between population nuclei through the roads and pathways most frequently used.
The internal subdivision of the Andorran population and the relation between populations are estimated by the application of the "squared Euclidean distances" (Bisquerra, 1989) . The data used are the intensity of the interchanges between population nuclei in the Principality of Andorra. This system used in taxonomic studies of human populations, as well as other multi-variant methods, adapts easily to data employed in bio-demographic studies (Smith & Hudson, 1984; Fuster, 1985; Pollitzer et al., 1988; Luchetti & Soliani, 1989; Calafell & Hernández, 1993; Esparza et al., 2006; Mikerezi et al., 2013) . Finally, distances matrixes have been represented by neighbor-joining representation (Saitou & Nei, 1987; Felsenstein, 1989; Li & Graur, 1991) . Node strength in the groups has been evaluated by the application of a "bootstrap" (Efron, 1982; Felsenstein, 1985; Cavalli-Sforza et al., 1994) . The resulting graphic will express the existing relation between population nuclei based on a matrimonial interchange pattern and will describe areas where endogamy is at a maximum. Finally, a principal component analysis (PCA) has been built using the size of the interchanges between population nucleus.
Results
Matrimony implies, in almost every case, displacement of at least one of the spouses. In fact, displacement expresses gamete origin and, therefore, it is one of the essential parameters in explaining and understanding the genetic structure of a population.
In spouse's origin matrix (Table 2) can be appreciated the high representation of the main diagonal, above all, spouses from the parish of Canillo, from La Massana, from the boundary region of the principality and other from origins.
The main diagonal expresses 49.03% of the total data. In almost 50% of matrimonies in Andorra, both spouses come from the same place.
A second important fact is the asymmetry given in the partial totals of columns and rows, that is, between the origin of male and female spouses. Furthermore, it is an incomplete asymmetry, because, when Andorran parishes are taken into account, the higher partials correspond to female individuals. However, when the rest of the origins are taken into account, male individuals are more represented. This observation reveals the existence of a general and differential migration pattern related to spouse's origin and gender. These results do not disagree with those obtained when comparing, through a Mantel test, the two hemi-matrixes, since calculations have been carried out, exclusively and in much detail on the internal matrix and not for total data. Mantel's test expresses a proportionality relation between the two hemi-matrixes of the internal matrix, that is to say, between the movement of men and of women within the parishes of the Principality. Also, this statistic does not value the numerical differences but rather the proportional relation between both hemi-matrixes. In this case the asymmetry includes all of the individuals who married in the Principality and shows the phenomenon of male hypermobility over large distances, a common situation in Pyrenean populations (Toja, 1987) . In fact, one of the phenomena detected in the Principality has been the emission of excess demographics due to migrations, also this collective has been preferentially constituted by male individuals (González-Martín & Toja, 2002) .
Another outstanding aspect is the little representation of individuals with
French origin, as compared to those coming from Catalan regions. Actually, this is an anticipated result given the geographic differences that exist between both borders, access being very steep in the north and very easy in the sloping or Catalonian south. Some other cultural aspects have to be added to this geographical parameter: Catalan is an official language in the Catalonian neighbor regions as well as in Andorra. It is hard to assess the degree of responsibility that geography and culture have as controllers of the Spanish and French genetic flow but it is reasonable to argue that the combined effect of both has made the population movements from the meridional regions more intense.
Comparisons between the matrix of internal migration and geographic migrations expressed the relation between the topographic distribution of population nuclei and the mobility and genetic interchange of their residents. By contrasting the marital distance matrix with the distances by road, a correlation of −0.52 (p < 0.001) was obtained; the same comparison with straight line distances gave a correlation of −0.48 (also with p < 0.001). Therefore, there is a clear correlation, inverse and linear, between nuclei situation and genetic flux intensity within the
Principality. An outstanding fact is that a great deal of correlation occurs be-tween the internal matrix of mobility and the real distance between two nuclei.
Such detail demonstrates that not only is the distance between nuclei significant in the shaping of marriages, but also the taken route.
The study of interchange intensity between population nuclei has been centred on the graphic representation of the squared Euclidean distances matrix obtained from the distances matrix of internal migration. This new matrix represents the differences produced between the marriage interchange among populations: two populations with no gene interchange will present high Euclidean distance values, and thus, they will be different from a genetic point of view. On the contrary, those which have kept a similar interchange pattern will be up to a minor distance and will find themselves, genetically closer. Starting from the homogenization process, amongst other phenomena, provoked by gene interchange, the nuclei which have maintained high frequencies in individual interchange will be genetically homogeneous compared with those nuclei that have remained demographically isolated and without interchange.
The matrix of squared Euclidean distances has been represented by Neighbor-Joining grouping methods (Figure 2 ). This tree hierarchically groups the population nuclei, always linking those presenting less Euclidean distance. To validate this topography, a 1,000 iteration "bootstrap" has been applied. If short distances between two nuclei are based on a wide range of coincidences in various variables, the method will tend to maintain short distances. Now, if affinity between two nuclei is due to great differences, yet in few variables, the "bootstrap" will increase distances between towns. In this way, an estimation of strength and reliability on the trees will be obtained, expressing in percentages the amount of times an association, in a random sampling of data, is repeated.
The main branches have little strength as shown by the low node values: the association suggested by the main branches may have a random origin. However, the derived branches have a strength that reaches in some cases the 90%. Affinities between nuclei constituting the same parish are much more important than branches expressing relations between parishes. In 92% of resampling, the three nuclei constituting Encamp's parish appear to be related to one another.
These values are maintained at a high level for the most northerly parishes; 72%
for the nuclei belonging to the Ordino parish and 63% for those belonging to the parish of Canillo. The rest represent lesser strengths; 57%, 56% and 49% respectively for the municipalities of Santa Julia, Andorra la Vella and La Massana. It is interesting to see how the nuclei, without exception, of a specific parish gather strongly among themselves. This information is most interesting if it is taken into account that a geographic proximity is not necessary between nuclei from a same parish.
The length of the branches can be interpreted as an estimator of the differences in the mobility pattern in each parish. The length of the branches relative to the nuclei of Sant Julia de Lòria, Andorra la Vella and Canillo is very noticeable.
In fact, the behaviour of these nuclei can be interpreted from a demographic point of view: in the first two, the ease of connection with communities outside the Principality and their importance as social and economic centres, have turned these nuclei into immigrant collectors, where mixed links-according to spouse's origin-are very often. The parish of Canillo differs from the rest due to a distinct reason; it is the parish which has maintained its isolation until present times and the individual interchange with other nuclei has been relatively low, maintaining a slightly different pattern of spouse's distribution. It must be remembered that these three populations are those that provide the most individuals in the total data, a situation which can accentuate the distances and length of their representative branches.
This information is also evident in the ACP graphic representation (Figure 3 ).
We can appreciate the existence of clusters that group together the nuclei belonging to the same parish. This detail is clearly reflected in the Encamp, Ordino and San Julià de Lòria parishes. The other three parishes also show a big connection but with some exceptions. For example, in the surroundings of la Massana we can find all the nuclei belonging to this parish but Escàs and Anvòs. It is interesting to observe that Escàs tends to displace towards the Ordino cluster in the APC. It is logical if we observe the situation of this nucleus inside the valley Figure 3 . Principal Component Analysis (PCA) based on the intensity of the interchanges between population nuclei in the Principality of Andorra.
regarding the next valley and we take into account the natural crossing between both valleys that is near this nucleus. We can make the same reflection with the position of Anyós, that is very geographically close to the big population nucleus of the Principality, Andorra la Vella. The case of Aldosa is very similar to the Escàs one: it belongs to the Canillo valley but it clusters near the Ordino group. These two valleys are geographically limited by a mountain range but with a natural path very close to Aldosa. To sum up, the clusters exceptions seem to be related with the natural paths that connect the internal valleys of the Principality.
Discussion and Conclusion
Andorra is one of the smallest countries in the world. It is surrounded by three closed valleys and its inhabitants have been devoted, until recently, to agricultural exploitation. Its unique government system, nowadays substituted by a democratic regime, has kept these three valleys independent from the neighbouring countries of Spain and France. Thus, it consists of an interesting human population limited by geographical, cultural and political barriers.
Geographically, its southern sloping border is more attenuated than its northern one, and in terms of culture, the official language of Andorra is Catalonian.
Thus, Andorra has a culture a socioeconomically relation with the neighboring Catalonian regions relation. These particularities have been fundamental for determining contact with other populations: the number of individuals coming from the southern slope is almost nine times higher than that the number of individuals coming from France (González-Martín & Toja, 1998) . Despite the political barriers, the migration throughout history has been very important (González-Martín & Toja, 1996) and it has occurred, preferentially, through the more accessible geographical terrain and with the most culturally similar communities. It has been reported that in Switzerland the mountains act as barriers to separate the different language groups (Rodriguez-Larralde et al., 1998) . Nevertheless, in Belgium, in spite of the inexistence of geographic barriers, the isolation between the population of the same country is due to languages, emphasizing the importance of languages as genetic filters (Barrai et al., 2004) . In Andor Olivenza (Spanish city that used to be part of Portugal) migration from Portugal has also been found (Román-Busto & Fuster, 2015) .
From the migration matrix structure, other common phenomena can be corroborated. For example, the custom to celebrate the wedding in the bride's parish (Toja, 1987) can directly influence on the asymmetry detected on the matrix. Nevertheless, it seems difficult to assume that the whole asymmetry can be justified by this fact, especially if male hypermobility phenomenon is taken into account. This last phenomenon is based on the greater mobility, mostly over long distances, of male individuals as compared to females. Furthermore, it is not necessarily related to marriage and it is possibly responsible for a great deal of the asymmetry detected on marital distances matrix. Asymmetry in the movements of male and female individuals has also been detected in La Cabrera (Spain) (Boattini et al., 2007) and in the Ebro delta (Esparza et al., 2006) . Furthermore, in the last study, a similar percentage of marriages in which both spouses have the same origin (53.08%) as the one we obtained (49.03%) was found, and, a greater male mobility with medium and large distances was detected as well. Nevertheless, we have to take into account that the orography in Andorra and in the Ebro delta is not comparable: Andorra is situated in the Pyrenees and the Ebro delta is a plain without physical barriers.
Study of the marriage interchange patterns within the Principality reflects interesting results. Firstly, interchanges between gender and population nuclei are produced on a balanced and bidirectional manner, although not necessarily in proportion. To explain this phenomenon, three considerations must be detailed: the greater part of the nuclei are constituted by small populations; all of them are subjected to the same ecological conditions; and that gender proportion is balanced. Thus, offer and availability of individuals for marriage are limited. Interchanges between population nuclei are compensated by two-way movements of different gender to maintain a proportional balance.
The model of matrimonial interchange, the migration models and the endogamy rates have varied over time (as certainly have the relationship between the nuclei of the populations which constitute the Principality of Andorra). Despite these variations there persists an interchange model that presents itself logically, geographically and administratively. That is to say, we can talk of a general model of genetic interchange which can be translated as a well-marked and defined genetic structure.
On the other hand, genetic interchanges between population nuclei are not produced randomly, rather, they are subjected to geographical conditions.
Spouse selection is related to the distance between the places of origin of both spouses: the greater the distance, the lesser the probabilities of agreeing to a marriage. What is outstanding is that the greater distance related with matrimonial structure, and by extrapolation with genetic affinity, is the distance by road and not the actual linear distance. These roads and highways are built with a topographic logic, respecting geographical unevenness of terrain, therefore, orography is a subtle parameter regulating displacements and, indirectly, shaping marriages. Thus, it will be orographically decisive when explaining genetic fluxes and biological affinities within a population. The crucial effect of geography (and with lesser importance, orography) has also been detected in another areas of Spain like Fuentes Carrionas (Palencia) where geography was identified as the main factor of isolation among populations (Rodríguez Díaz and Blanco Villegas, 2010); in la Cabrera where the isolation (due to geography) of some parishes is the main factor that influence the genetic structure (Boattini et al., 2007) or in the Ebro delta region where the river itself acts as the main factor of isolation of the populations (Esparza et al., 2006) . In the first two studies, the values obtained for the Mantel's Test relating migration matrices with geographic distance were similar to our results (0.52 for road distances and 0.48 for straightline distances). In the study of La Cabrera (Boattini et al., 2007 ) the values obtained were 0.50 and 0.52 in a Mantel's test between marital migration and straight-line geographic distance. In the case of Fuentes Carrionas (also a mountainous region), Rodríguez-Díaz and Blanco-Villegas (2010) found the next values between progenitor-descendent origin and road and straight-line distances:
0.567 and 0.545 respectively. This last case concords with our results: there is a bigger relation with the road than with the straight-line distance in the case of mountainous regions. In the case of the Ebro delta region (with a different orography in respect to Andorra) the value of the Mantel's Test between the data of the marriages and the road distance was 0.848.
Associations described between population nuclei through interchange patterns, respect, with almost no exception, the administrative groupings of the Principality as shown in the Neighbor-Joining tree and in the ACP. The genetic structure is the reflex of the administrative organization of the country expressing sub-divisions where endogamy is maximum, and where micro-evolutionary phenomena will act with greater intensity.
A general view of Andorra's geography sets forth the hypothesis that administrative divisions have been set up according to the orographic pattern of the country. In fact, the country consists of three valleys; a southern one and two openings from north to south. It is permissible to suppose that geography has really determined the administrative structure to facilitate management and communication and, as such, it is truly responsible for Andorra's genetic structure and population.
